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Decay of wood during use is a serious problem, 
causing significant losses in strength in stages of decay 
so early as to be difficult to diagnose even micro- 
scopically. The key to preventing decay in wooden 
buildings is the exclusion of water. Although empha- 
sis in this article is placed on experience with wood 
in structures, the principles of wood decay are equally 
applicable to any wood in use. 


1. Causal Fungi and their Requirements for 
Growth 


Decay of wood is caused by fungi which are members 
of the group of higher fungi called Basidiomycetes 
related to the common edible mushrooms. These 
fungi are primitive plants which lack chlorophyll and 
therefore cannot manufacture their own food, relying 
instead on the organic matter produced by plants 
possessing chlorophyll such as the wood produced 
by trees. The decay fungi, as scavengers, play an 
important role in the forest, returning organic matter 
to the soil, returning nutrients for reuse by other 
plants, preventing buildup of material which would 
make access for wildlife impossible and reducing the 
fire hazard produced by combustible material on 
the forest floor. However, the same natural process 
occuring in wood in structures is considered unde- 
sirable and so preventive measures are necessary. 
Decay fungi have four basic requirements for 
growth and production of decay in wood: air (they 
are aerobic organisms), water, a favorable tem- 
perature and a food source. The food is of course the 
wood itself. This food may be made unavailable to 
the fungus by poisoning it with a preservative, but 
normal use of wood in above-ground portions of 
structures does not usually involve such treatment. 
Decay fungi have a wider tolerance to temperature 
than people who occupy wooden structures. Freezing 
temperatures will stop the progress of decay but will 
not kill the decay fungi. Temperatures must usually 
exceed about 60°C before thermal death occurs. 
Decay fungi require so little oxygen that it is usually 
not possible to control decay by limiting this factor 
in structures; water submersion or deep burial, how- 
ever, excludes oxygen sufficiently that wood in such 
conditions is not attacked by decay fungi. Thus, the 
remaining factor—water—is the key to controlling 
decay in buildings. Throughout history a major goal 
of the design and construction of structures has been 
to shed water effectively. If this is done, and no water 
leaks are allowed, there is no reason why above- 
ground portions of wooden buildings should decay. 
Wood is a hygroscopic material and takes up moisture 
from the surrounding air, but the moisture content 
attained by wood in 100% relative humidity is not 
sufficient to support decay; a source of liquid water 
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such as rain, plumbing leaks or ground contact is 
required. 

There are other fungi which inhabit wood, namely 
those which produce mold and blue stain, but they 
do not cause the extensive loss in wood strength 
which results from the action of decay fungi. These 
fungi live principally on storage materials in the 
wood, such as starch, and therefore do not break 
down the wood cell walls as do decay fungi. Since 
they have pigmented cell walls or spores, their main 
effect on wood is discoloration. However, although 
they tend to grow faster, they have generally the 
same requirements for growth as decay fungi and 
therefore their presence may indicate that the wood 
has been exposed to conditions conducive to decay. 


2. Sources of Inoculum 


Any living cells of a fungus, when transferred to a 
new location favorable for growth, have the potential 
for reproducing the fungus in this new site. Decay 
fungi produce spores which act like seeds of higher 
plants in that they are capable of starting a new 
growth of fungus in a new area where conditions are 
favorable. The fungi produce great numbers of such 
spores light enough to be carried by the winds, there- 
by assuring that fungi are present wherever con- 
ditions conducive to decay exist. Moreover, the 
careless manner in which wood products are often 
treated tends to ensure that wood in structures is 
infected before being placed in service. 

Wood may be shipped and stored in the green 
condition (see Hygroscopicity and Water Sorption 
of Wood), thereby allowing time for it to become 
infected. Wood products may be delivered to the job 
site and set on the soil; since decay fungi live in the 
soil this provides an opportunity for them to move 
into the wood before it is placed in the structure. If 
the wood is allowed to dry and remains dry through- 
out the life of the structure, such preinfection may 
be of no consequence. However, if conditions later 
become conducive to decay, the necessary fungi may 
already be present. 


3. Types of Decay 


There are two major categories of decay produced 
by Basidiomycetes: brown rot and white rot. The 
brown-rot fungi decompose only the carbohydrate 
fraction of wood, leaving the lignin modified but 
not metabolized (see Wood: Chemical Composition). 
The residual lignin is darker in color than the cellu- 
lose, leading to the brown coloration of the rot, 
and has very little strength, leading to the excessive 
shrinkage and cubic checking pattern typical of 
brown-rotted wood. 

White-rot fungi decompose all the major com- 
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ponents of wood and presumably may lead to 100% 
loss in cell wall material. Some of the white-rot fungi 
appear to attack lignin preferentially in the early 
stages of decay, while others, called simultaneous 
rots by some workers, decompose both the lignin and 
the carbohydrates at a rate approximately pro- 
portional to their original relative concentration in 
the wood. 

A third category of severe wood deterioration— 
soft rot—is not caused by Basidiomycetes and there- 
fore should not be included under the term decay. 
Nevertheless, soft rot can cause such serious decom- 
position of wood and loss of strength in certain situa- 
tions that it must be considered in any treatise 
concerned with the effects of wood decomposition. 
Soft rot is caused by fungi of the mold and stain 
group (Ascomycetes and Fungi Imperfecti). It is not 
known whether fungi which normally inhabit wood as 
mold or stain producers are also capable of producing 
soft rot under the right conditions, or if only special 
strains of these organisms are capable of producing 
soft rot when present. In any event, soft rot occurs 
in environmental conditions under which growth of 
decay fungi would not be expected, such as in pre- 
servative-treated wood, and very wet or water-sub- 
merged wood. The hyphae of soft-rot fungi grow 
within the S2 layer of the secondary wall of wood 
cells. producing cavities parallel to the microfibrils 
making up that layer (see Wood Ultrastructure). 
After removal of the S2 layer there is so little left of 
the cell walls that the softened wood either sloughs 
off or fails. Soft-rot fungi produce deterioration simi- 
lar to that of brown-rot fungi in that they primarily 
remove the carbohydrates from the cellulose-rich $2 
cell wall layer, but, unlike brown-rot fungi, they 
metabolize some lignin as well. 

Some bacteria are capable of decomposing wood 
also, but their attack is usually very slow and occurs 
only in conditions of high moisture, such as saturation 
or submersion, Because many of these bacteria can 
grow under anaerobic conditions, their attack is often 
the sole cause of degradation in submerged or buried 
wood. Bacterial attack would not be expected in 
buildings. 


4. Importance of Water 


As stated above, the key to decay in wood structures 
is water. Wood kept dry will never decay. Further- 
more, since the major goal of structural design and 
construction is the shedding of water, keeping wood 
dry in a structure should be the easiest, cheapest and 
most effective method of assuring that the wood does 
not decay. Building leaks, design features which lead 
to water infiltration, features which tend to trap water 
and leaks in or condensation on interior plumbing 
should be carefully avoided to preserve the life of a 
wooden structure. 


5. Microscopic and Chemical Effects of Decay 


Not all decay fungi attack wood in the same way. 
and a given fungus may produce different effects 
in different woods. Therefore, not all the features 
discussed below will necessarily be found in any 
given piece of decayed wood. However, the following 
microscopic features may frequently be required for 
diagnosing the presence of early stages of decay; the 
more they are present, the more confidence may be 
placed in the diagnosis. 

A fungus can be thought of as being like a bal! of 
cotton with filaments running in all directions. The 
filaments that make up the body of a fungus are 
called hyphae. Individual hyphae are too small to 
be seen easily without a microscope, but massed 
together they form what is known as a mycelium, 
which can readily be seen on the wood surface. The 
hyphae of decay fungi may contain very distinctive 
loop-like structures called clamp connections. Only 
Basidiomycetes have them, and the only Basidio- 
mycetes which would be present in wood would be 
decay fungi. Therefore, if microscopic examination 
reveals hyphae with clamp connections, then the 
fungus is a decay fungus. Unfortunately, many decay 
fungi do not produce clamp conections and some 
which produce them in culture do not produce them 
in wood. Clamp connections, then, are a valuable 
diagnostic tool if present, but their absence supplies 
no useful diagnostic information. 

The hyphae of decay fungi may invade wood in 
early stages by growth through ray cells and large 
longitudinal elements, such as resin ducts or vessels. 
This is true of mold and stain fungi too, but unlike 
these fungi the decay fungi normally leave these 
elements and ramify throughout the wood. In some 
cases decay-fungal hyphae may be most numerous in 
the strength-providing longitudinal elements ( fibers 
or tracheids), Penetration may be through pits or by 
means of boreholes dissolved through the wood cell 
walls by the enzymes from the hyphae. The bore- 
holes of decay fungi are usually numerous. They 
enlarge to several times the hyphal diameter, tend to 
run in series (serial boreholes) through a number of 
wood cell walls in a relatively straight line (as seen 
in radial section) and bear little relationship to pits. 
The boreholes produced by mold and stain fungi are 
infrequent and tend to remain at the diameter of 
the penetrating hypha, resulting in a “necked-down” 
appearance to the large hypha penetrating a small 
hole. They tend to be solitary, with the penetrating 
hypha changing direction after penetration, and pen- 
etration is frequently through pits with no borehole 
formation at all. The hyphae of soft-rot fungi may 
produce serial boreholes, but they normally consist 
of large, frequently pigmented hyphae which “neck- 
down” considerably to pass through the wall and are 
therefore not too difficult to differentiate from those 
of decay fungi. 
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Early stages of attack on the cell walls may be 
characterized by separations within or between cells, 
and shallow depressions or gouges at the wall-lumen 
interface. In later stages of decay, white-rotted wood 
cell walls may appear thinned in a uniform fashion 
from cell to cell, whereas brown-rotted wood cells 
appear shrunken and distorted on a very irregular 
basis from cell to cell. Soft rot results in cavities 
within the S2 layer of the secondary wall which par- 
allel the microfibrils in this layer and tend to be 
diamond-shaped or elongated with pointed ends, 
making soft rot easily distinguishable from brown rot 
or white rot under the microscope. 

White-rot fungi decompose all the major cell-wall 
components and some remove them at rates approxi- 
mately proportional to the amounts present in sound 
wood, thereby leading to the observed progressive 
thinning of the cell walls. 

Brown-rot fungi decompose primarily the carbo- 
hydrate fraction of the wood. Lignin is altered by 
their attack, but little of it is removed. In early 
stages of brown rot the wood constituents may be 
depolymerized more rapidly than the decomposition 
products are metabolized by the fungus, leading to a 
buildup of low-molecular-weight molecules which 
constitute mass but provide no strength. 


6. Effects of Decay on Strength Properties 


Resistance to impact loading is the mechanical prop- 
erty of wood most sensitive to the presence of decay. 
Toughness, for example, may be largely destroyed 
at a stage of decay so early that it may be hard 
to detect even microscopically (Table 1). Those 
strength properties relied upon in the use of wood as 
a beam, a common mode of service, are also severely 
diminished in very early stages of decay. In such early 
decay stages there is little difference noted between 
brown rot and white rot with regard to the magnitude 
of strength losses. However, as decay advances, 
further effects on strength are much more severe in 
brown rot than in white rot. 


Table 1 
Expected strength loss at an early stage of decay (5-10% 
weight loss) in brown-rotted softwoods (after Wilcox 1978) 
Strength property Expected strength loss 
(% of strength 
of sound wood) 


Toughness =80 
Impact bending 80 
Static bending (MOR and MOE) 70 
Compression perpendicular to grain 60 
Tension parallel to grain 60 
Compression parallel to grain 45 
Shear 20 
Hardness 20 
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Because of the drastic reduction in most strength 
properties caused by decay at such an early stage as 
to be difficult to diagnose, it is easy to see that it is 
considerably safer to prevent decay in the first place 
than to rely upon ability to detect and diagnose it 
accurately in sufficient time to effect a remedy before 
failure occurs. 


7. Natural Decay Resistance 


Some woods have what is called natural decay resist- 
ance, that is, their heartwoods are infiltrated with 
chemicals at the time of heartwood formation which 
make that wood unpalatable to decay fungi. Through 
both laboratory testing and field performance, vari- 
ous woods which appear in the US commercial mar- 
ket have been rated according to the natural decay 
resistance of their heartwoods (Tables 2 and 3). 
Decay-susceptible wood will perform adequately in 


Table 2 

Relative grouping of some US domestic woods according 
to heartwood decay susceptibility based upon laboratory 
tests and field performance (after US Department of 
Agriculture 1974) 


Resistant or Moderately Slightly or 
very resistant resistant nonresistant 
Baldcypress Baldcypress Alder 
(old growth)" (young growth)* Ashes 
Catalpa Douglas fir Aspens 
Cedars Honeylocust Basswood 
Cherry (black) Larch (western) Beech 
Chestnut Oak (swamp) Birches 
Cypress (Arizona) Chestnut Buckeye 
Junipers Pine Butternut 
Locust (black)? Eastern white’ Cottonwood 
Mesquite Southern Elms 
Mulberry (red)? Longleaf* Hackberry 
Oak Slash* Hemlocks 
Bur Tamarack Hickories 
Chestnut Magnolia 
Gambel Maples 


Oregon white 

Post 

White 
Osage orange” 
Redwood 
Sassafras 
Walnut (black) 
Yew (Pacific)? 


Oak (red and 
black species) 

Pines (other 
than longleaf. 
slash and 
eastern white) 

Poplars 

Spruces 

Sweetgum 

True firs 
(western and 
eastern) 

Willows 

Yellow poplar 


a The southern and eastern pines and baldcypress are now largely 


second 


rowth with a large proportion of sapwood. Consequently. 


substantial quantities of heartwood lumber of these species are not 


available 


b These woods have exceptionally high decay resistance 


Table 3 


Relative grouping of some woods imported into the USA 
according to heartwood decay susceptibility based upon 


laboratory tests and field performance (after US 


Department of Agriculture 1974) 


Resistant or Moderately Slightly or 
very resistant resistant nonresistant 
Angelique Andiroba* Balsa 
Apamate Apitong* Banak 
Brazilian Avodire Cativo 
rosewood Capirona Ceiba 
Caribbean pine European Jelutong 
Courbaril walnut Limba 
Encino Gola Lupuna 
Goncalo alves Khaya Mahogany, 
Greenheart Laurel Philippine: 
Guijo Mahogany, Mayapis 
Iroko Philippine: White lauan 
Jarrah Almon Obeche 
Kapur Bagtikan Parana pine 
Karri Red lauan Ramin 
Kokrodua Tanguile Sande 
(Afrormosia) Ocote pine Virola 
Lapacho Palosapis 
Lignum vitae Sapele 
Mahogany, 
American 
Meranti” 
Peroba de campos 
Primavera 
Santa Maria 
Spanish cedar 
Teak 


a More than one species included, some of which may vary in resistance 


from that indicated 


structures if kept dry. Moderately decay-resistant 
wood may perform adequately, even if occasionally 
wetted but then dowes to dry out. Highly decay- 
resistant wood may perform adequately in above- 
ground exposure even if allowed to remain wet for 
substantial periods of time. Most woods, even if 
highly decay-resistant, will provide only limited ser- 
vice in contact with the soil, which is the most haz- 
ardous terrestrial exposure to which wood can be 
put. To provide adequate service in ground contact, 
most woods must be pressure-treated with an effec- 
tive preservative. 


8. Detailing for Shedding Water 


The first part of a building to intercept rainwater is 
the roof. Flat roofs have become popular in some 
parts of the world, no doubt primarily for economic 
reasons, but they are dangerous for a wooden struc- 
ture in that the performance of the entire structure 
depends solely upon the effectiveness of the mem- 
brane placed on top of the flat roof. One pinhole or 
small crack in this barrier may jeopardize the safety 
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of the entire structure. It is better to provide a slope 
and drainage so that the natural force of gravity is 
working for rather than against the building and 
assists in the shedding of water. Roof overhangs are 
useful in removing the drip line from the rest of 
the structure and in protecting the walls and wall 
penetrations from direct contact with rainwater. Gut- 
ters and downspouts are also important since they 
collect water from the roof and dispose of it safely 
away from the structure rather than allowing it to 
drip, splash or run down various portions. If no roof 
overhang is provided, the flashing and detailing at 
the intersection between the roof and the vertical 
walls becomes critical. Flashings and moisture bar- 
riers behind exterior wall coverings should be 
designed and assembled so that, at each joint, the 
tendency is to force water out, away from the struc- 
ture. It is surprising how many structural failures due 
to decay in wooden buildings can be traced to careless 
reversal of the flashing or shingling of moisture bar- 
riers so that water coming in contact with these 
structures is drawn into the interior of the wall rather 
than being shed. Careful attention to such apparently 
minor features may be major factors in attaining 
adequate service from a wooden building. 

Being a hygroscopic material, wood will adjust its 
moisture content to the humidity of the air around 
it. This means that if the air becomes more moist, 
the wood will increase in moisture content, resulting 
in swelling. If the surrounding air becomes drier, the 
wood will lose moisture and shrink. Wood undergoes 
normal fluctuation in size and shape with the annual 
change in seasons and the concomitant differences in 
relative humidity. Such changes must be taken into 
account in the design and construction of wooden, 
buildings. If wood is put into a structure at a higher 
moisture content than it is expected to reach when 
at equilibrium with its surroundings, shrinkage must 
be expected, and this overall reduction in the size of 
each member must be taken into account during 
construction. On the other hand, dry wood products 
which will be expected to take on moisture in service 
must be provided with sufficient gaps between them 
to allow for the resultant swelling. Both wood shrink- 
age and swelling with the crushing which can 
accompany it may result in gaps which can lead to 
water infiltration. 


9. Ventilation 


Most processes associated with habitation of struc- 
tures, such as kitchen, bathroom and laundryroom 
operations, may intoduce significant amounts of 
water vapor into the living space of the structure 
which must be vented to the outside. Furthermore, 
moisture leaving the soil on which a wooden structure 
is built may condense on wood surfaces or en plumb- 
ing in contact with wood and provide sufficient water 
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to induce decay problems. The solution to both these 
problems is adequate ventilation. 

All activities within the living space which release 
large amounts of water vapor should be vented mech- 
anically (using fans if necessary) to the outside to 
prevent the necessity for such water to make its 
way through the walls or ceiling of the structure. 
Substructure areas where the soil is likely to be 
moist should have sufficient cross ventilation supplied 
through or above the foundation to keep the relative 
humidity of the air in the subspace below the dew 
point at all seasons of the year. If the soil is so wet 
that the amount of ventilation required becomes 
excessive, a vapor barrier should be placed over the 
soil surface in the sub-area to prevent moisture from 
leaving the soil. 


10. Hazards of Ground Contact 


Soil is the most hazardous terrestrial environment in 
which wood can be placed. Soil is usually moist and, 
if so, has the capacity for supplying moisture to the 
wood at a perfect rate to be conducive to decay. In 
addition, decay fungi live in the soil on cellulosic 
residue such as wood scraps, roots, stumps and other 
plant debris. Therefore. placing wood in contact with 
the soil may provide both an actively growing decay 
fungus and the one missing factor necessary to pro- 
duce decay—water. In many parts of the world, 
ground contact has the additional hazard of exposing 
wood to direct entry by subterranean termites (see 
Wood: Degradation by Insects and Other Animals 
During Use). 


11. Insulation and Vapor Barriers 


As a result of the need to reduce heating cost, great 
emphasis is currently being placed on providing 
adequate insulation in structures. In some cases the 
addition of insulation to existing wooden structures 
is advocated. Some insulations, such as the closed- 
cell plastic foams, also act as effective vapor barriers. 
Other insulation materials, like fiberglass placed on 
a metal foil, have vapor barriers incorporated in them 
to improve their performance as insulation materials. 
Both types of materials when added to wooden struc- 
tures may be extremely dangerous if they impede the 
natural flow of moisture vapor out of the living area 
of the structure or change the location of the dew 
point in such a way as to cause condensation in walls 
or ceilings. At present many construction and design 
professionals are inadequately informed in this area. 
Such insulation practices, if not based on adequate 
knowledge and theory, though well-meaning in their 
intent, may end up costing more energy than they 
save in terms of replacement of wood which they 
have made vulnerable to rot. 
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See also: Preservative-Treated Wood: Radiation Effects on 
Wood; Weathering of Wood; Wood as a Building Material 
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